Rats were exposed to hypoxia for one week.
Past studies from our laboratory have shown the suppressive effects of short-term hypoxic exposure on the incorporation of radioactive amino acids into connective tissue cells of rat neonates.1-5 The synthesis of proteins in fibroblasts, osteoblasts, and chondroblasts, as measured by the incorporation of 3H-amino acids with the use of radioautography, was suppressed significantly after a brief exposure to total anoxia during the immediate neonatal period. With respect to the effect of chronic hypoxia, a number of biochemical and electron microscopic studies have shown a suppression of secretory protein synthesis by parotid and pancreatic cells in adults rats. [6] [7] [8] The present study was initiated to evaluate the effect of the long-term exposure of rats to a hypoxic environment on the functioning of the epiphyseal plate as determined by histometric measurements and 3H-amino acid incorporation by different types of con The average number of grains over the different cell types was obtained by counting at least 5,000 cells in each sample from the following regions: osteoblasts selected from those that were newly differentiating along the osteogenic zone of the epiphyseal plate; chondroblasts taken from the proliferative zone of the epiphyseal plate; and fibroblasts taken from the periosteal connective tissue in the immediate area of the epiphyseal plate. In addition to radioautographic grain counts made on these-cells, the thickness of the epiphyseal plate was measured by using photographs of the sections that were enlarged x 10 (Fig 1) . These results were statistically analyzed by calculating the standdard deviation of arithmetic means and evaluating the confidence level using Student's t test on a computerized program.e Results Figure 1 shows representative sections of the distal femur head from control and hypoxic rats taken by photographic enlargement of the sections. It is evident that the thickness of the epiphyseal plate is thicker in the control (Fig 1, left) as compared to that from the hypoxic rat (Fig 1, right) seal chondroblasts and osteogenic cells as shown in Figure 2 , left, whereas the epiphyseal plate from hypoxic rats showed, when compared to the control, a less clear arrangement of hypertrophic chondroblasts and a more irregular and narrower osteogenic zone. The relationship between anaerobic glycolysis and the process of tissue calcification has been studied by a number of different investigators. The early work by Guttman and Yu11-13 illustrates well the point in question with respect to the cartilage. They studied whether the calcification in vitro of rachitic epiphyseal cartilage was affected by the addition of inhibitors for specific steps in the sequence of enzymatic reactions of anaerobic glycolysis. It turned out that the calcification was blocked by such inhibitors as phlorizin, iodoacetate, or fluoride if the phosphate donor used was one of the intermediary products of the sequence before the inhibited reaction. In this way, the last of the intermediary products in the sequence that could be identified as being indispensable was found to be phosphoenol pyruvate. However, the importance of mitochondrialinked Ca2+ transport and its intracellular sequestration by osteogenic and other connective tissue cells has been repeatedly demonstrated by Talmage,14 Mathews,'5 Lehninger,l6 and others. Thus, it is now clear that oxidative phosphorylation of adenosin diphosphate is an essential element in the generation of adenosin triphophate in osteogenic cells, as well as Ca2, capture by mitochondria in which Ca2. is stored in the form of Ca3 (P04) 2. A series of histochemical studies of phosphatases and oxidative enzymes by Radden and Fullmer17 have also substantiated the fact that several dehydrogenases of the tricarboxylic acid cycle and pentose shunt system are important in osteogenic cell functions.
There is an apparent dichotomy between the results obtained from this study which show a clearcut suppression of overall protein biosynthesis as compared to the increase in protein synthesis observed in the rat parotid gland subjected to similar experimental conditions by Morawa and Han.6 In the parotid gland, the overall cellular protein synthesis was slightly increased in spite of a significant reduction (45%) in the amylase content of experimental glands. There is evidence that these results reflect adaptive changes of the cytoplasm that precede the recovery of secretory protein synthesis by cells of the parotid gland.6,l10l8 The clear suppression of overall protein synthesis, as can be shown by the reduced 3H-phenylalanine incorporation by connective tissue cells of the epiphyseal plate, indicates that such an adaptive function, if present in the epiphyseal plate, is not reflected at this time.
However, this conclusion should be taken within the limit of the technical fidelity of quantitative radioautography. In light of the fact that there are few other available means to evaluate the performance of individual cell types in a complicated histological structure such as the epiphyseal plate, J Dent Res May-June 1976 the result from the present work provides the only experimental evidence that a long-term exposure to hypoxia suppresses amino acid incorporation by connective tissue cells of the growing epiphyseal plate in rats. It suggests further that connective tissue cells of the epiphyseal plate might have a lower rebounding capacity from hypoxic insult, compared to that of the cells of the parotid gland.7
